Background: Lumbar discectomy (LD) is one of the most common spinal surgical procedures. However, the remote effect of the cervical spine has seldom been discussed. The comparative incidence of cervical discectomy with or without a previous LD is an essential feature in predicting this effect. Methods: A cohort comparative study was conducted from the National Health Research Institute, Taiwan, over the period from 1996 to 2010. Patients who received LDs and patients who did not receive LDs in the same period were randomly selected to serve as samples for comparison. A total of 14 480 patients who did not undergo LD surgery and 3620 patients who received LDs were enrolled in this study. The incidence rates of discectomy-cervical in both groups were calculated from
Introduction
Lumbar herniation of the intervertebral disc (L-HIVD) is a very common disease that is found in 20-30% of the general population. 1 Most symptoms of L-HIVD patients are initially apparent as backaches and are associated with or without compressive radiculopathy. Based on the degree of severity, therapy for L-HIVD varies from close observation to medication, rehabilitation or operation. Although increasingly more novel surgical methods and techniques have been developed, lumbar discectomy (LD) is still the most common, straightforward and reliable procedure being adopted. 2 However, LD is often associated with an unignorable rate of recurrence or adjacent level problems requiring repeated surgery. [3] [4] [5] [6] These phenomena have caused an increasing number of scholars to believe that L-HIVD is not a regional disease but rather a genetics-related or systemic disease resulting in adjacent or remote diseases. 4, 7, [8] [9] [10] Currently, there are few reports on whether patients who have had LDs also have a higher rate of subsequent cervical discectomies (CDs) than those who have not undergone such a procedure. However, anecdotal evidence suggests that patients who have undergone LDs are also more likely to have CDs. The National Health Insurance (NHI) program in Taiwan integrated all public insurance systems into a single-payer program in 1995, and covered 99% of the 23.74 million residents in Taiwan by 2009. On initiation of the NHI program, the National Health Research Institute (NHRI) cooperated with the Bureau of National Health Insurance to establish several data sets for public research. In this study, we used the claim data set from the Longitudinal Health Insurance Database (LHID) of the NHI program in Taiwan and selected patients who received and did not receive LDs to evaluate population-level rates of CD.
Patients and methods

Data sources
We used the LHID claim data set, which consists of 1 000 000 people randomly selected from all the insured, and extracted claim data for the period from 1996 to 2010. The NHRI reports no substantial differences in age and sex between those in the LHID and all other insurants. Information regarding these databases has been presented in previous papers; other studies have also demonstrated the accuracy and high validity of diagnoses in the National Health Insurance Research Database (NHIRD). Diagnosis was made according to the International Classification of Disease, Ninth Revision (ICD-9) and treatment used in the ICD-9-CM procedure codes. All personal identification information was encrypted by the NHRI before data were released to ensure suitability for public research. Our study was approved by the Ethics Review Board of China Medical University (CMU-REC-101-012).
Patients
On the basis of claim data for ambulatory visits and admissions from 1998 to 2008, we identified patients who received LDs (ICD-9-CM procedure code 83024C), excluding patients who received CDs (ICD-9-CM procedure code 83022C). Patients who did not receive LDs during the same period were randomly selected to serve as controls.
Control patients who were matched according to sex, age (in increments of 5 years) and index year of the LD case were selected at a ratio of 4:1. The inclusion criteria stipulated patients must be 20 years of age and have had no prior LD surgery.
Outcome measures
The incidence rates of discectomy-cervical (ICD-9-CM procedure code 83022C) in both groups were calculated from the beginning of the follow-up period until the end of 2010. The person years of follow-up were computed for each person until discectomy-cervical was reported, and the person was lost to follow-up in the insurance database or the end of 2010. The baseline comorbidity history was determined for each patient. Comorbidities included fracture (ICD-9 codes 800-829) and osteoporosis (ICD-9 code 733.0).
Statistical analysis
We compared the distributions of age (34, 35-49, 50-64 and 65 y), sex, follow-up years, occupation level and comorbidities, including fracture and osteoporosis, in patients who did or did not receive LD surgery. We examined the differences using the 2 test for categorical variables and the Student's t test for continuous variables. The incidence rates of CD for the two groups were estimated based on demographic status. Multivariate Cox proportional hazard regression analyses were performed to measure the effects of LDs on the risk of developing CD. The rate ratio was determined based on the Poisson assumption. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using the Cox model, which was also used to estimate the HRs of CD associated with follow-up years of LD, compared with those without LD treatment. All analyses were performed using the SAS statistical package (version 9.1; SAS Institute Inc., Cary, NC). A two-tailed P < 0.05 was considered statistically significant.
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Results
A total of 14 480 patients who did not undergo LDs and 3620 patients who did receive LDs were enrolled in this study. These two cohorts had mean ages of 51.4 (SD = 15.9) and 51.8 (SD = 15.6) years, respectively ( Table 1 ). The distribution of age, sex and follow-up years was comparable between the two cohorts. Compared with patients who did not undergo LDs, patients who received LDs were more likely to suffer from fracture (21.8%) and osteoporosis (15.6%). Kaplan-Meier survival analysis indicated that the CD-free rate was 2.83% lower in the patients treated by LDs than in those who did not undergo LDs (log-rank test, P < 0.0001) (Figure 1 ).
During the follow-up period, the overall incidence rate of CD was significantly higher in patients who were treated by LDs than in those who were not (24.7 vs. 2.73 per 10 000 person years) ( Table 2 ). The risk of CD in the LD-treated cohort was 9-fold greater than that for those in the non-LD-treated (HRs = 8.58, 95% CI = 5.38-13.7). The lowest age-specific HRs were observed in the 49-years-of-age group (HRs = 9.78, 95% CI = 4.69-20.4). The sex-specific incidence rate ratio was higher in women than in men, and the adjusted HR of CD was 10.5-fold (95% CI = 4.85-22.9) in women and 7.62-fold (95% CI = 4.25-13.7) in men. The incidence rates of CD differed by occupation: the blue collar workers had the highest rate (10.9 per 10 000 person years) with a relative HR of 9.85 (95% CI = 4.39-22.1) compared with the white collar workers and others ( Table 2 ). As to comorbidity, the incidence rates of CD were higher in the LD-treated cohort than in the non-LD-treated cohort. However, those in the LD-treated cohort without osteoporosis had a higher incidence rate of CD than those with a history of the disease (25.4 vs. 19.7 per 10 000 person years). Patients without a history of fracture or osteoporosis had a CD incidence rate of 9.46 (95% CI = 5.49-16.3) and 9.6 (95% CI = 5.81-15.8), respectively ( Table 2) . Table 3 shows the follow-up time effect of risk of CD in the LD-treated and non-LD-treated cohort. After adjustment for age, sex, occupation level and comorbidities (fracture and osteoporosis), the incidence rate ratio (IRR) of CD in the LD-treated cohort was higher than that in the non-LD-treated cohort in each stratified follow-up time. In the follow-up time of 2 years, the IRR was 24.2 (95% CI = 20.8-28.1), and in follow-up time of 3-6 years and 7 years, the IRR was 7.17 (95% CI = 6.46-7.96) and 6.83 (95% CI = 5.92-7.88), respectively. The HR was significantly different between the LD-treated and non-LD-treated cohorts. A follow-up time of 2 years in the LD-treated cohort increased the HRs for CD by 25.6-fold (95% CI = 7.47-87.7). In the follow-up times of 3-6 years and 7 years, the HRs for CD increased 6.41-(95% CI = 3.30-12.5) and 6.74-fold (95% CI = 2.94-15.5), respectively.
Discussion
The lumbar spine is an integral part of the spine that should be regarded as an inseparable entity, not independent from the cervical or thoracic spine. Few published reports have focused on the close talks between the degeneration of the cervical and lumbar spine. In the cadaveric studies of Master et al. 11 , it was concluded that the spondylopathic changes in 80% of all the examined specimens were significantly associated between the cervical and lumbar spine. In addition, Lee et al. 12 also reported that the narrowing of the cervical spinal canal was significantly associated with that of the lumbar spine. A recent finite element analysis also indicated that LD could alter the biomechanics of the spine, thus adversely affecting the development of adjacent upper-segmental disc degeneration. 9 Following an LD, the space from the excised nucleus pulosus is replaced by fibrocartilaginous granulation tissue that could alter the material properties of the intervertebral disc and the biomechanics of the lumbar motion segments, potentially contributing to adjacent segmental disc degeneration. 9 In addition, it is highly likely that altered mechanical properties of the lumbar motion segments can be transmitted distally, affecting the mechanics of the cervical motion segments and thus contributing to or accentuating the development of cervical disc degeneration; however, this requires further validation by experimental and clinical studies in the future.
Currently, it remains unknown whether patients receiving LDs also experience increased rates of subsequent CDs. We used the claims data set of the LHID in Taiwan to analyse the rates of CD in 14 480 patients who had not received LDs and 3620 patients who had undergone LD surgery. After we adjusted for age, sex, occupation level and comorbidities (fracture and osteoporosis), our KaplanMeier analysis revealed that patients who had undergone LDs indicated a markedly higher rate of CDs than those who had not had LDs. Furthermore, the risk of CD in patients who had received LDs was 9-fold greater than that of patients who had not received the procedure (HRs = 8.58, 95% CI = 5.38-13.7). The findings indicated that LD is indeed associated with increased rates of CD.
Our data also revealed that patients who had undergone LDs had markedly higher rates of fracture (21.8% vs controls, 14.1%) and osteoporosis (15.6% vs 9.05%). Multiple regression analysis revealed that patients who had received LDs and who suffered from osteoporosis were three times more likely to undergo CDs than patients who had osteoporosis but had not received LDs. This finding reinforces the hypothesis that LD causes systemic but not regional changes to the spine.
The risk of contracting CD was the greatest the first 2 years postoperatively (adjusted HR, 25.6 (7.47, 87.7)) and diminished over time. Possible explanations include the fact that sufficient pain relief during and high satisfaction after a previous LD or analgesic dependence obtained from earlier operations increases confidence in and willingness to receive surgical treatment when cervical problems happen. 10 In addition, some patients will have greater access to surgeons. Once under the care of a spine surgeon, other spinal pathology is more likely to be identified and offers for further surgery forthcoming.
The strengths of this study include the use of population-based data that are highly representative of the general population. However, certain limitations to our findings should be considered. First, the NHIRD does not contain detailed information regarding smoking habits, alcohol consumption, socioeconomic status or family history of systemic diseases, all of which may be potential risk factors for discectomy. Second, the evidence derived from a retrospective cohort study is generally lower in statistical quality than that from randomized trials because of potential biases related to adjustments for confounding variables. Despite our meticulous study design and control measures for confounding factors, bias resulting from unknown confounders may have affected our results. Third, all data in the NHIRD are anonymous. Thus, relevant clinical variables such as blood pressure, imaging results, pathology findings and serum laboratory data were unavailable. Nonetheless, the data regarding procedure codes for discectomy were reliable.
In conclusion, patients who have undergone LDs are at greater risk of subsequent CDs, an increased risk seen in all patients regardless of demographics or the presence of fracture or osteoporosis. The decision to undergo an LD is a crucial, irreversible choice, and our findings suggest that LDs are associated with an increased risk of subsequent CD. Patients seeking relief for low back pain should be informed about the associated risk-benefit trade-offs from LDs. Our data on CD rates may help patients be better informed about surgical risks and can offer insight for spine surgeons about the additional risk of CD when making decisions about LDs.
